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Title:   A Modulator of FGF's in Breast Cancer 

I. Introduction 

Growth factors, tumor angiogenesis and metastasis 
One of the pivotal roles of locally-acting polypeptide growth factors is the induction of new blood vessels 

in a healing wound as well as in growing tumors. It has been shown in numerous studies with different 
approaches that a solid tumor cannot grow beyond a few millimeters in size without sufficient blood supply. In 
addition to the nourishing function of tumor blood vessels, they provide a pathway for the tumor cells to 
metastasize to distant organs (1-5). A direct correlation between blood vessel density in primary tumors and their 
metastasis has been reported for breast cancer (6-10). Most interestingly tumor angiogenesis as reflected in 
microvessel density is an independent prognostic indicator in breast cancer patients when tested against known 
parameters (e.g. tumor size, estrogen receptor, lymph node status, c-erbB-2 expression). Since angiogenesis is 
such an important feature of in vivo tumor biology, the driving forces behind this process need to be understood. 

The role of fibroblast growth factors (FGFs) and a potential function for a novel binding 
protein (BP) for FGF 

The most prominent and best studied angiogenesis factors are members of the fibroblast growth factor 
(FGF) family of polypeptides (11,12). Several members of the FGF family, mainly bFGF and aFGF are very 
effective angiogenesis factors and have thus been a focus of research in tumor vascularization in the past decade. 
The biological activities of both FGFs can be quenched by tight binding to heparansulfate proteoglycans present in 
the extracellular matrix (13-16). It is only partly understood how these FGFs become solubilized and thus 
activated in embryonic or in tumor tissues that require angiogenesis for their growth. One established mechanism 
that can solubilize bFGF from this storage site is the digestion of the glycosaminoglycan portion of the cell 
attachment molecule by heparanases (17-20). 

An alternate mode of delivering active FGF from the storage site to its receptor could be binding to a 
secreted carrier protein. Recently, a secreted protein has been described binds to aFGF and bFGF in a non- 
covalent, reversible manner (21). Furthermore, bFGF bound to this protein was prevented from degradation and 
retained its mitogenic activity (21). These characteristics make this FGF-binding protein (BP) an excellent 
candidate carrier molecule for FGFs. We hypothesized that this BP could be an important regulator that releases 
immobilized FGFs from their matrix storage site and thus activates them in vivo (22,23). 

The secreted binding protein for FGF (BP) as a carrier for immobilized FGFs 
Recently, it was demonstrated by our laboratory that expression of this binding protein in cell lines which 

express bFGF leads to a tumorigenic and angiogenic phenotype of these cells (22). We also showed that BP- 
transfected cells release the protein into their media together with bFGF in a non-covalently bound form. This 
released bFGF becomes activated biologically. In addition, in vivo tumor growth of a BP-positive squamous cell 
carcinoma (SCC) cell line and a colon cancer cell line was inhibited by a reduction of endogenous BP using BP- 
targeted ribozymes (24). This supports the notion of an activating step for the locally stored bFGF due to 
expression and secretion of BP. 

BP mRNA is expressed in tumor cell lines and primary tumor tissue of squamous cell carcinomas, colon 
cancers, and breast cancers (22). Using skin carcinogenesis as a model for epithelial cancers, we studied the role 
of BP expression during tumor progression. We found that BP mRNA is unregulated in the skin during 
development but drops to low levels in the adult mouse skin. Interestingly, in both mouse and human skin, BP 
mRNA and protein levels increase more than 3-fold upon treatment with the PKC-activating agent TPA (12-0- 
tetradecanoylphorbol-13-acetate), and is further upregulated (4-7 fold) in DMBA/TPA induced papillomas and 
carcinomas (25,26). The correlation between BP expression and tumor promotion by TPA strongly suggests a 
role for BP in tumorigenesis. The study of BP regulation in the mouse skin, which I co-authored, was published 
last year (25). 

Using RT-PCR to screen for FGF-BP expression, we found that FGF-BP is expressed in a 4 out of 6 
clinical samples of primary human breast cancers, and in 9 out of 14 breast cancer cell lines. We also detected BP 
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mRNA expression in the mammary gland of the the human and the mouse. This pattern of expression suggests 
that BP may be involved in breast cancer progression, where its deregulated expression could potentially 
contribute to tumor growth and angiogenesis. During my thesis research I plan experiments that will test the role 
of BP in human breast cancer cell progression, and its mechanism of regulation by the tumor promoter TPA. 

The aims of my grant application were the following: 
Aim 1: To study the tumor growth effects of BP expression in breast cancer cells, and Aim 2; To study the 
mechanisms of regulation of BP by Protein Kinase C (PKC). 

II. Summary of Results 

The results regarding Aim 2 will be addressed in this report. This work, for which I was first author, has 
previously been published in the Journal of Biological Chemistry in July 1998 (27). In order to 
investigate trie mechanism of TPA induction of FGF-BP gene expression, we examined the level of FGF-BP 
mRNA after treatment in the ME-180 cell line, which expresses high levels of endogenous FGF-BP. We found 
that TPA increased FGF-BP mRNA levels in a time- and dose-dependent manner. Furthermore, induction was 
mediated via the PKC signal transduction pathway, since treating with a specific PKC inhibitor, Calphostin C, 
blocked the effect of TPA. Results from actinomycin D and cycloheximide experiments as well as nuclear 
transcription assays revealed that TPA upregulated the steady-state levels of FGF-BP mRNA by increasing its rate 
of gene transcription independently of de novo protein synthesis. 

Isolation and Characterization of the Human FGF-BP Promoter. In order to better understand 
the transcriptional regulation of the human FGF-BP gene, 1.8kb of genomic sequence upstream to the known 
5'UTR sequence of human FGF-BP cDNA was isolated from a human genomic library and sequenced and the 
transcription start site of the human gene was determined using primer extension analysis. In addition, alignment 
between the human and mouse FGF-BP promoter which we cloned previously (25) revealed a region of high 
homology with 70% nucleotide identity within the first 200 nucleotides upstream from the transcription start. 
Nucleotide homology dropped significantly in more upstream sequences, suggesting that the proximal conserved 
200 nucleotides of the promoter could be important for transcriptional regulation of FGF-BP in both species. 

Sequence analysis of the promoter demonstrated the presence of numerous consensus transcription factor 
binding sites which were conserved between mouse and human FGF-BP promoters and which may have 
functional importance in FGF-BP regulation. Consensus binding sites included TATA box is located at about -25 
upstream from the transcription start for both promoters. Also, a highly conserved consensus binding site for 
C/EBPß, a member of the CCAAT/enhancer binding protein (C/EBP) family of leucine zipper transcription factors 
which plays a central role in the acute-phase response and in a number of cell differentiation pathways (28-30). An 
AP-1 consensus binding site lies juxtaposed to a sequence with homology to an Ets factor binding motif, 
suggesting potential functional similarity to the juxtaposed Ets/AP-1 site found genes involved in invasion and 
metastasis such as collagenase and urokinase plasminogen activator (uPA) (31,32). In addition, a consensus Spl 
factor binding site, an additional Ets factor binding motif, and a potential NF-KB binding site are located in the 
conserved region of the promoter and may play a role in transcriptional regulation of FGF-BP as well. 

Functional analysis of the human FGF-BP promoter. To identify the functional promoter 
elements involved in FGF-BP gene regulation by TPA, progressive 5' deletion mutants as well as internal deletion 
mutants were constructed based on the location of consensus factor binding sites on the promoter. Deletion 
constructs were transiently transfected into ME-180 cells and their relative luciferase activity was assayed in the 
absence or presence of TPA. Basal activity of the FGF-BP promoter was mediated by a combination of the Spl 
site, as well as by the juxtaposed Ets/AP-1 site. 

The regulatory elements mediating TPA induction of the promoter were all contained in the first 118 base 
pairs upstream of the tranascription start site. Further mutational analysis revealed that full TPA induction 
required an interplay between several regulatory elements, including the Ets/AP-1 site and the C/EBP site. 

TPA regulation of the FGF-BP promoter involves a repressor element juxtaposed to the 
AP-1 site. Between the AP-1 site and the C/EBPß site lies a region of low homology between the human and 
mouse BP promoter sequences. Because this region was not suspected to have any effect on TPA induction, an 
internal deletion removing this region (-57 to -47) was tested as a control.   Surprisingly, in the A57/47 construct. 
TPA induction of the FGF-BP promoter increased from approximately 5- fold to 11-fold, suggesting the presence 
of a possible repressor which may interact with this site. The lack of sequence conservation between the human 
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and mouse in this region may reflect a difference in the regulation of FGF-BP between the two species. The -57 to 
-47 deletion disrupts an AACGTG (-60 to -55) which is juxtaposed to the 3' end of the AP-1 site and which 
shows some similarity to the CACGTG E-box element recognized by a number of helix-loop-helix factors (33). 
To test this imperfect E-box for repressor activity, a C to T point mutation at position -58 was introduced into the 
-118/+62 BP promoter construct.   The m-58 construct showed a dramatic increase in TPA 
induction up to 16-fold above background. This data shows that the point mutation at position 
-58, as well as the internal deletion from -57 to -47, disrupts repression of the FGF-BP 
promoter which normally limits the response to TPA. 

Transcription factor binding to FGF-BP promoter elements. In order to ascertain that TPA- 
induction of FGF-BP was due to direct activation by transcription factors, we performed gel retardation analysis 
to show transcription factor binding to FGF-BP promoter elements. This analysis showed specific and TPA- 
inducible protein binding to the Ets, AP-1, and C/EBP sites. Furthermore, distinct, specific and TPA-inducible 
binding to the imperfect E box repressor element was also apparent. Overall, this data indicated that TPA 
effects on FGF-BP gene transcription are tightly controlled by a complex interplay of positive 
elements and a novel negative regulatory element (27). 

EGF induction of the FGF-BP gene. During the course of these experiments, we found that both 
fetal bovine serum (FBS) and the epidermal growth factor (EGF) can regulate FGF-BP expression. Using 
Northern blot analysis to detect endogenous levels of FGF-BP mRNA, we found that EGF and FBS treatment 
causes a rapid induction of FGF-BP gene expression (unpublished results). EGF induction of FGF-BP was not 
dependent on new protein synthesis, suggesting that this is a direct effect on the FGF-BP gene. Furthermore, 
EGF and FBS induction were dependent on the PKC pathway, since treatment with a PKC inhibitor blocked their 
effects. Preliminary analysis of the FGF-BP promoter has shown that some of the similar transcriptional elements 
(i.e. Ets/AP-1 and C/EBP) are required for full induction of the promoter by EGF. Regulation of FGF-BP by 
EGF is highly significant to breast cancer. The EGF family of growth factors plays an important role in the 
development of the mammary gland and in the pathogenesis of breast cancer. 

III. Publications and Abstracts 

Harris. V.K.. Liaudet-Coopman, E.D.E., Boyle, B.J., Wellstein, A., Riegel, A.T. Phorbol ester-induced 
transcription of a FGF-binding protein is modulated by a complex interplay of positive and negative regulatory 
promoter elements. JBiolChem 273:19130-19139. 1998 July. 

Harris. V.K., Liaudet-Coopman, E., Wellstein, A., Riegel, A.T. A fibroblast growth factor binding protein 
(FGF-BP) is transcriptionally regulated by phorbol esters and retinoic acid. Proceedings of the American 
Association for Cancer Research, 89th Annual Meeting, New Orleans, LA, March 28-April 1, 1998 



P.I.:   Harris.   Violaine K. 
IV.  Bibliography 

1. Folkman, J.and Klagsbrun, M.(1987) Angiogenic factors. Science 235, 442-447 

2. Cross, M.and Dexter, T. M(1991) Growth factors in development,transformation, and tumorigenesis. Cell 
64, 271-280 

3. Liotta, L. A.; Steeg, P. S.and Stetler-Stevenson, W. G.(1991) Cancer metastasis and angiogenesis: An 
imbalance of positive and negative regulation. Cell 64, 327-336 

4. Folkman, J.(1986) How is blood vessel growth regulated in normal and neoplastic tissue?- G.H.A. Clowes 
memorial award lecture. Cancer Res. 46, 467-473 

5. Fidler, I. F.and Ellis, L. M.(1994) The implications of angiogenesis for the biology and therapy of cancer 
metastasis. Cell 79, 185-188 

6. Horak, E. R.; Leek, R.; Klenk, N.; Lejeunde, S.; Smith, K.; Stuart, N.; Greenall, M.; Stepniewska, K.and 
Harris, A. L.(1992) Angiogenesis, assessed by platelet/endothelial cell adhesion molecule antibodies, as indicator 
of node metastases and survival in breast cancer. Lancet 340,1120-1124 

7. Weidner, N.; Semple, J. P.; Welch, W. R.and Folkman, J.(1991) Tumor angiogenesis and metastasis- 
correlation in invasive breast carcinoma. N. Engl. JMed. 324, 1-8 

8. Bosari, S.; Lee, A. K.; DeLellis, R. A.; Wiley, B. D.; Heatley, G. J.and Silverman, M. L.Q992) Microvessel 
quantitation and prognosis in invasive breast carcinoma. Hum. Pathol. 23,755-761 

9. Weidner, N.; Folkman, J.; Pozza, F.; Bevilacqua, P.; Allred, E. N.; Moore, D. H.; Meli, S.and Gasparini, 
G.(1992) Tumor angiogenesis: a new significant and independent prognostic indicator in early-stage breast 
carcinoma [see comments]. J Natl. Cancer Inst. 84, 1875-1887 

10. Toi, M.; Kashitani, J.and Tominaga, T.(1993) Tumor angiogenesis is an independent prognostic indicator in 
primary breast carcinoma. Int. J Cancer 55, 371-374 

11. Baird, A.and Klagsbrun, M.(1991) The fibroblast growth factor family. Cancer Cells 3, 239-243 

12. Gospodarowicz, D.; Ferrara, N.; Schweigerer, L.and Neufeld, G.(1987) Structural characterization and 
biological functions of fibroblast growth factor. Endocr. Rev. 8, 95-114 

13. Vlodavsky, I.; Folkman, J.; Sullivan, R.; Fridman, R.; Ishai-Michaeli, R.; Sasse, J.and Klagsbrun, 
M.(1987) Endothelial cell-derived basic fibroblast growth factor: synthesis and deposition into subendothelial 
extracellular matrix. Proc Natl. Acad Sei. USA 84, 2292-2296 

14. Rogelj, S.; Klagsbrun, M.; Atzmon, R.; Kurokawa, M.; Haimovitz, A.; Fuks, Z.and Vlodavsky, 1.(1989) 
Basic fibroblast growth factor is an extracellular matrix component required for supporting the proliferation of 
vascular endothelial cells and the differentiation of PC12 cells. J. Cell Biol. 109, 823-831 

15. Saksela, O.; Moscatelli, D.; Sommer, A.and Rifkin, D. B.(1988) Endothelial cell-derived heparan sulfate 
binds basic fibroblast growth factor and protects it from proteolytic degradation. J Cell Biol 107, 743-751 

16. Kiefer, M. C; Stephans, J. C; Crawford, K; Okino, K.and Barr, P. J.(1990) Ligand-affinity cloning and 
structure of a cell surface heparan sulfate proteoglycan that binds basic fibroblast growth factor. Proc. Natl. Acad. 
Sei. U. S. A. 87, 6985-6989 

17. Vlodavsky, I.; Eldor, A.; Bar-Ner, M.; Fridman, R.; Cohen, I. R.and Klagsbrun, M.(1988) Heparan sulfate 
degradation in tumor cell invasion and angiogenesis. Adv. Exp. Med. Biol. 233, 201-210 



P.I.:   Harris.   Violaine K. 
18. Bashkin, P.; Doctrow, S.; Klagsbrun, M.; Svahn, C. M.; Folkman, J.and Vlodavsky, 1.(1989) Basic 
fibroblast growth factor binds to subendothelial extracellular matrix and is released by heparitinase and heparin- 
like molecules. Biochemistry. 28, 1737-1743 

19. Moscatelli, D.(1992) Basic fibroblast growth factor (bFGF) dissociates rapidly from heparan sulfates but 
slowly from receptors. Implications for mechanisms of bFGF release from pericellular matrix. J. Biol. Chem. 
267, 25803-25809 

20. Vlodavsky, I.; Bashkin, P.; Ishai-Michaeli, R.; Chajek-Shaul, T.; Bar-Shavit, R.; Haimovitz-Friedman, A.; 
Klagsbrun, M.and Fuks, Z.(1991) Sequestration and release of basic fibroblast growth factor. Ann. N. Y. Acad. 
Sei. 638, 207-220 

21. Wu, D.; Kan, M.; Sato, G. H.; Okamoto, T.and Sato, J. D.(1991) Characterization and molecular cloning of 
a putative binding protein for heparin-binding growth factors. /. Biol. Chem. 266,16778-16785 

22. Czubayko, F.; Smith, R. V.; Chung, H. C.and Wellstein, A.(1994) Tumor growth and angiogenesis induced 
by a secreted binding protein for fibroblast growth factors. JBiol Chem. 269, 28243-28248 

23. Rak, J.and Kerbel, R. S.(1997) bFGF and tumor angiogenesis-Back in the limelight? Nature Med. 3, 1083- 
1084 

24. Czubayko, F.; Liaudet-Coopman, E. D. E.; Aigner, A.; Tuveson, A. T.; Berchem, G.and Wellstein, 
A.(1997) A secreted FGF-binding protein can serve as the angiogenic switch for human cancer. Nature Med. 3, 
1137-1140 

25. Kurtz, A.; Wang, H. L.; Darwiche, N.; Harris, V.and Wellstein, A.(1997) Expression of a binding protein 
for FGF is associated with epithelial development and skin carcinogenesis. Oncogene. 14,2671-2681 

26. Aigner, A.; Kurtz, A.; Cabal, R. H.; Butler, R. E.; Hood, D. R.; Sessions, R. B.; Schulte, A.; Czubayko, 
F.and Wellstein, A.(1998) An FGF-binding protein during wound healing and carcinogenesis of human skin. 
submitted 

27. Harris, V. K.; Liaudet-Coopman, E. D. E.; Boyle, B. J.; Wellstein, A.,and Riegel, A. T.(1998) Phorbol 
ester-induced transcription of a FGF-binding protein is modulated by a complex interplay of positive and negative 
regulatory promoter elements. J. Biol. Chem. 273, 19130-19139 

28. Wedel, A.and Ziegler-Heitbrock, H. W.(1995) The C/EBP family of transcription factors. Immunobiol. 193, 
171-185 

29. Akira, S.and Kishimoto, T.(1992) 11-6 and NF-IL6 in acute-phase response and viral infection. Immunol. 
Rev. 127, 25-50 

30. Cao, Z.; Umek, R. M.and McKnight, S. L.(1991) Regulated expression of three C/EBP isoforms during 
adipose conversion of 3T3-L1 cells. Genes Dev. 5, 1538-1552 

31. Gutman, A.and Wasylyk, B.(1990) The collagenase gene promoter contains a TPA and oncogene-responsive 
unit encompassing the PEA3 and AP-1 binding sites. EMBO J. 9, 2241-2246 

32. Rorth, P.; Nerlov, C; Blasi, F.and Johnsen, M.(1990) Transcription factor PEA3 participates in the 
induction of urokinase plasminogen activator transcription in murine keratinocytes stimulated with epidermal 
growth factor and phorbol-ester. Nucleic Acids Res. 18, 5009-5017 

33. Kadesch, T.(1993) Consequences of heteromeric interactions among helix-loop-helix proteins. Cell Growth 
Diff. 4, 49-55 


